
MAY, 1907. MONTHLY WEbTHER REVIEW. 225 

at New Haven in the following-named years, including 1816: 
1806, June 4, frost, temperature 40°. 
1816, June 11, frost, temperature 35". 
1843, June 2, frost, temperature 36". 
1859, June 12, frost, temperature 37". 
1864, June 11, slight frost, temperature 41". 

The cold April and Xay of 1557.-Passing down the line of 
years from 1816 it will be found that the nest  pair of con- 
secutively cold months occurred in 1857. As a cold month, 
April of that year has not been surpast in many places 
during the last ninety odd years. This is especially true of 
the upper Mississippi Valley, where the April mean tempera- 
ture in 1857 a t  Fort  Snelling, Minn., was but four-tenths of a 
degree above the freezing point, or nearly 5" below the April 
mean of 1907. The month of May, 1857, was not so cold as 
May, 1907. I n  the eastern part of the country the month 
last named was -1" to 8" colder than May, 1857. Considering 
the entire period, April l-May 31, there is little difference 
between the two years. 

So far as can now be ascertained, the effect of the coli1 
weather of April and May, 1857, on the crops was not especially 
injurious. Some cornfields were replanted, since a lack of 
heat and excessive rains in the latter part of May caused the 
seed to rot in the ground. June and the summer months fol- 
lowing were warm, ancl, unlike the present year, the warm 
weather began June 1, instead of the 15th. A good crop was 
produced, altho the yield of fruit was somewhat less than the 
ordinary. 

The great frosts of June 5 and 11, IS59.-Two years after the 
cold spring of 1857, in what had thus far been a normal season, 
a change of tenipersture in a single night spread destruction 
over a large proportion of the wheat fields from eastern Iowa 
to New York. The corn crop and a great part of the garden 
truck in the same districts were killed. A killing frost, com- 
ing at  a time when the wheat was generally considered as past 
all danger from freezing, overwhelmed the country with aston- 
ishment. The areas affected by this destructive freeze were 
eastern Iowa and Minnesota, northern and central Indiana 
and Illinois, Wisconsin, Ohio, Michigan, all of Pennsylvania 
and New York, except the southeast portions, and northern 
New England. I n  some localities thin ice was formed in ves- 
sels and stagnant pools. The frost of June 11 was not so 
severe as that of the 5th and 6th. The weather in the west  
turned cold on the 3 4  and the low temperatures continued 
thruont the 4th with a heavy frost west of the Alleghenies on 
the morning of the 5th, and to the eastward on the morning 
of the 6th. Much of the wheat, being in full head and the 
grain in the milk, was ruined. The peach and apple crop was 
only partially destroyed. The corn that was but a few inches 
above ground recovered from the injury and produced a fair 
crop. The corn that had attained a height of 12 to 18 inches 
was replanted. Fortunately, the autumnal frosts did not 
occur until about the close of October, ancl the replanted 
fields were fully matured. 

In 1874 and 1875 April and May were both deficient in 
temperature, April especially, but not so markedly as in 1857 
or 1907. Wheat in 1874 was a good crop, the yield per acre 
in the spring wheat States being, however, lower than usual. 
The corn crop was 82,000,000 bushels less than the crop of 
1873. Only a portion of this reduction can be charged to the 
cold weather and frost, since it was also injured by local 
droughts and the depredations of the chinch bugs, especially 
in the west. Conditions were unfavorable for a large crop of 
oats, but it is impossible to state the effect of the backward 
weather in the spring. 

The average yield of corn per acre in 1874 was low, viz, 20.7 

bushels, and the price was high, 64.7 cents per bushel. In  
1875 the rate of yield was increased to 29.4 bushels per acre, 
but the price dropt to 42 cents. The average yield of wheat 
was reduced 1.3 bushels per acre, and while the aggregate 
quantity was 16,000,000 bushels less than in 187-1, the aggre- 
gate value mas about $3,500,000 more. 

The oat crop was large and the price correspondingly low. 
The barley, potato, and cottop crops were excellent and prices 
low. 

From the foregoing it would seem that the chance of injury 
to the staple crops of this country by reason of a backward 
spring is rather remote, provided, of course, a siitficient amount, 
of heat is supplied in June. I n  the notable smnmer of 1816 
corn and hay were the only two crops that suffered serious 
injury, and that summer was the coolest of a century. Drought 
and heat are much more likely to imke serious inroads on the 
crops than are the chilling blasts of April and May. 

ENCE TO ANCHOR ICE AND FRAZIL." 
BARNES'S " ICE FORMATION WITH SPECIAL REFER- 

Zy I\'. W. COBLENTZ. Dated Washington, D. C , June 17, 1907. 

The present book by Prof. Howard T. Barnes, of McGill 
University, is the result of tlie need which has arisen for 
republishing the author's various papers on the formation 
of river ice. It is the story of the ice formation in the St. 
Lawrence River, and is of especial interest in connection with 
hydraulic development in the far North, where the winters 
are long and intensely cold. 

The phenomena connected with the formation of river ice 
are very complex, and, in presenting the subject, the author 
has very wisely included the elementary notions concerning 
heat transfer. 

The book is divided into eight chapters, which treat of- 
1, the physical laws governing the transfer of heat; 2, the 
physical constants of ice; 3, the formation ancl structure of 
ice; 4, sheet, frazil, and anchor ice; 5, precise temperature 
measurements; 6, river temperatures; 7, theories to account 
for frazil ani1 anchor ice; 8, methods of solving tlie ice problem 
in hydraulic engineering work-e. g., steam ancl electric heat- 
ing of penstocks, racks, etc., in hydraulic power plants. 

I n  Canada, as well as other localities in high latitudes, three 
kinds of ice are obserred, viz, sheet or surface ice, frazil, 
and anchor ice. Stt?fuce ice is found only in still water, and 
is caused by the loss of heat to the cooler atmosphere, by 
radiation and conduction from its surface. Thickening of the 
ice sheet takes place downwards by conduction and radiation 
of heat thru the ice to  the air. 

Frazil is the French-Chadian term for fine spicular ice, 
from the French for forge cinders which it is supposed to 
resemble. It is formed in all rivers or streams flowing too 
swiftly for the formation of surface ice. A dull, stormy day, 
with the wind blowiug against the current, is productive of 
the greatest amount of frazil, which, like anchor ice, has a 
tendency to sink upon the slightest provocation, and to fol- 
low submerged channels until it reaches a quiet bay. Here it 
rises to the under side of the surface ice, to which it freezes, 
forming a spongy growth, attaining great thickness; in some 
cases the author observed a depth of 80 feet of frazil. 

Ancltor ice, as the name implies, is found attached or 
anchored to the bottom of a river or stream, and often attains 
a thickness of 5 to ti feet. It is also called ground ice, bottom 
ice, and ground-gru. I n  a shallow, smooth-flowing river we 
are more likely to hare anchor ice formed in excess, whereas 
in a deep and turbulent stream we are likely to have more 
frazil. I n  a river 30 to  40 feet deep anchor ice is almost 
unknown, altho large quantities of frazil are met with. 

We quote the following from Professor Barnes: 
The various facts of common observation in connection with anchor 

Thus, it is  found that a itse point to radiation as the primal cause. 
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bridge or cover prevents the formation of anchor ice underneath. Such 
a cover would act as a check to radiation, and reflect the heat waves 
back again to the bottom. Anchor ice rarely forms under a layer of 
surface ice covered with snow. It forms on dark rocks more readily 
than on light ones, which is in accord with what is known as to the more 
copious radiation of heat from dark surfaces. Anchor ice never forms 
under a cloudy sky either by day or by night, no matter how severe the 
weather, but it forms very rapidly under a clear sky at night. Anchor 
ice is readily melted under a bright sun. I t  seems highly probable, then, 
that radiation of heat supplies the necessary cooling to the bottom of a 
river to form the first layers of ice, after which the growth or building 
up of the ice is aided by the eiitangling and freezing of frazil cryhtals which 
are always present in the mater. 

The author found that during rapid ice formation the water 
becomes slightly undercooled, to the order of a few thousandths 
of a degree, and that the ice which is formed is in a very 
adhesive state. On the cessation of cold weather the teinpera- 
ture of the water rises slightly above the freezing point and 
the ice gradually melts. Anchor ice rises from the bottom in 
mild weather, and also in extreme cold weather under the in- 
fluence of a bright sun, when i t  is dangerous to small boats. 
It is also known to lift and transport large boulders. On the 
other hand, a bright sun prevents the witter from becoming 
undercooled and the forination of frazil. The author's con- 
clusion that anchor ice is formed by ratliation rather than 
by conduction is practically the same as that of Fnrquharson 
in lS41. It explains the observed phenomena better than nny 
of the other theories propounded. Thus the loosening of the 
anchor ice under a bright sun is simple enough from the fact 
that water is transparent to heat waves up to 1 :I (!I = 0.001 inn. ). 
The thickness of the lager of ice that must be melted in order 
to overcome the adhesion to the rock surface iiinst be of molec- 
ular dimensions. I n  acldition to this, there is the tension on 
the rock surface clue to tlie buoyancy of the ice, which also 
tends to melt the ice. The explanation of the formation of 
anchor ice is more difficult, and the author's statement that 
It is not to be supposed, because a substance like water has 

been fount1 to be highly opaque to the radiation from hot 
bodies, that  i t  will be the same for cold body radiation ", is a 
little startling, and not very clear. There is no evidence for 
saying that " It is probable that water possesses an absorption 
band for shorter heat waves, but may become perfectly trans- 
parent for the longer heat waves ". 

It is known that water is exceedingly opaque to heat waves 
from 4 to H : I ,  but more transparent in the region from S to 20 ! I .  
(This was found by Rubens and Aschkinass for water vapor, 
which behaves like the liquid in its properties for absorbing 
heat waves, fig. 1.' ). * Beyond 20 !J there is great opacity, the heat 
waves a t  50 ,v were entirely absorbed, while a t  SO theory pre- 
dicts a band of metallic reflection. As a whole, water differs 
from most other substances in that its great opacity is due to 
numerous small absorption bands. Consequently its absorp- 
tion coeficient is smtiller than that of a substance like quartz 
which has bands of iiietallic reflection at  8.5, >) .Of l ,  and 20.75 / I .  

Hence, there is no objection to saying that '' the whole clues- 
tion of the forination of anchor ice depends upon admitting 
that the long heat waves can penetrate freely thru water ". 
For the maximum radiation of a body at  a teniperature of O0C. 
lies in the region of the spectrum estending froiu wave lengths 

1 I n  the experiments by Rubens and Aschkinass the radiation from 
glowiug zircon passes thru a heated iron tube thru which flows a bteady 
strvani ol aqueous vapor at atmospheric pressure. The radiant beain 
falls upon a reflecting spectrometer provided with a sylvite prism, \\ hich 
is transparent to heat waves up to 25 ( I .  The energy tranbmitted in any 
part of the spectrum (after passing thru the column o f  water vapor) 
relative to the total energy o f  the original lieam is iiieaaured by a ther- 
mopile, and is esprest by the ordinates 0-100 per cent, as in flg. 1. The 
coruplenient of these ordiuates is the relntiw energy absorbed by R layer 
of vapor 75 centimeters thick, saturated at 100" C. The horizontal scale 
at the bottom gives the ware lengths in mivrons as computed from the 
observed spci:trometrr setting-, which are given at the top of the figure, 
namely, the angle of defleution lor any wave length A minus the constant 
angle of deflection for the sotlium line, D.-EDITc)R. 

8 to 20 11, and it is here that water has its greatest transparency 
for long heat waves. 

1 

K 2 z . e  l e n 9 t h  i n  i n , z c ? ~ o n s  
FIG. l.-Transmission spectrum 1Jf \rater vapor (greatht transparency 

from 1U-15 p). 

It is clificult to conceive of a more complex forin of radia- 
tion than the one here involvecl. According to Prevoet's 
theory of eschanges, when two bodies are a t  different tem- 
peratures the hotter receives energy from and imparts energy 
to the colder by radiation, and vice versa. In  the case of the 
river, when the sky is clear, tlie water is radiating into space 
whose temperature is probably near the absolute zero. The 
riyer bed is radiating energy into the water, and probably 
thru it into space. Leaving out of consideration the special 
nature of the two bodies (water and river bell), i t  has been 
est,ablislied (see Drncle's Optics, p. 462) that the radiation 
from a nonblack bod>- * '  is approximately proportional to the 
sqiiare of the refractive index of the surrounding medium, 
which is transparent, SO that from this standpoint the emis- 
sivity of the river bed into the water would be greater than 
that of the mater into the air. Of course, i f  the water were 
transparent, its emissivity would be I I  il, and the problem woulcl 
be less complex. Little is known concerning the special nature 
of these two bodies, but from the fact that the anchor ice 
separates so easily from the river bed, under a bright sun, it 
is evident that the absorption coeficient of rock material is 
greater than that of water, and, hence, that itg eiiiissivity must 
also be greater. Hence, more energy will be radiated from 
the river bottom than from the water, into space, the river 
bottom will become the cooler, and finally a film of ice will 
form on it. During cloudy weather the temperature of the 
water vapor in the air is equal to or higher than that of the 
water and the river bottom. There is then an equality in the 
radiation, or an excess is being emitted from the clouds to the 
earth. A certain amount will also b e  returned from the clouds 
by reflection. Hence, as a whole, the excess of radiation is 
toward the earth, ani1 since the temperature of the clouds is 
above the freezing point no anchor ice is formed. 

To sum up, from this elaboration of the author's esplana- 
tion, just quoted, of the formation of anchor ice, it will be 
seen that i t  is not only possible but also highly probable that 
the cause is to be attributed to the greater emissivity of the 
substances forming the bed of the river, and to the greater 
transparency of water to heat wares than is generally sup- 
posed to obtain for that substance. As a whole, it is dificult 
to conceive that such a condition can exist, but the magnitude 
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March 8; 1906. ............. 
March 24, 1906 .............. 
April 8, 1906 ................ 
April 26, 19 06. . .  ............ 
May 2, 1906. ................ 
April 20, 1906 ............... 

227 

Rain,  0.07 inch, uccurred un this datr. 
ar. ..... Itaiu ai181 suuw, 0.03 iuch, day following. 
ar . . .  ... Treueiidurlr raiu, 1.96 inches dar after. 

Solar ...... A partly cl4rudy d:ry, with high tenlprratUre. 
Lumr..  ... A purtly clou(ly ,lay; l ightuiug at uigbt. 

ar.. .... Trace of raiu dny after, an‘l 1)11;3 ibvh ou 311 r l a ~ .  

of the heat transfer required to bring about this ice formation 
must be exceedingly small, and the explanation given accounts 
for all of the facts observed. 

September 27, 1906.. .. 

November 23, 1906. ......... Luuar.. ... 

HALOS AND RAIN OR SNOW. 
By MARTIN L. DOBLER. Dated Lake Moutebello, Baltimore, Md., December 27,1906. 

In compliance with the request in the MONTHLP WEATHER 
REVIEW of September, 1906, that voluntary observers should 
look up their old reports and tabulate t,he dates of halos and 
the condition of the weather for the twenty-four hours follow- 
ing, I am pleased to give you the best results that I can for the 
period of my record up  to December 27, 1906. I will give 
both the halos that were followed by rain in twenty-four or 
thirty-six hours, and also those that were followed by clear 
weather. 

TABLE 1.-Halos a d  r a h  cit Lakt Mantebello, Ma. 
~ ~~~~ ~ ~~ ~~~ 

Halos. St.ate of weather followiiig halo. 
~ 

Date. 

Novemher 5 1905.. ........ Solar ...... Rain,  0.06 inch occurred 011 next ilav. 
Uovemher 61 1Y05.. ....... Luuar.. . . .  Raiufall. 0.06 iAch. diccurred: ivartlvcloudv. 

Heavy raiu, 0.71 iuch. day followiug. 
Raiu 0.01 iuch occurred 3d day after halo. 
Rain’un suiue k i t e .  trace d:ry fiillotiing. 
I<:iinf:ill, (1.03 iui.11 ’day fi,llowiup. 
Followed Iiy n o  rain whatever. 
F,.dlowed by uo raiu. 

I 1  February 4,’1906. ........... Lunar.. ... Tmce of‘suow dav’fullowinyf ;,louiiy. . ~~ 

February I?, 1906. .......... Solar ...... Rain 0.0’2 iucb fidlowed ou 3 1  day. 
March 2, 1906. .............. Luuar . .  ... Heady xiiii, tl.& iuch, day t i~ l lnxfng .  

~. 

NOTES FROM THE WEATHER BUREAU LIBRARY. 
By C .  FITZHWXI TALM %N, Awstant Librarian. 

The committee appointed by the Governor of Hongkong to 
inquire whether earlier warning of the typhoon of September 
18, 1906, could have been given to shipping has macle a report 
entirely favorable to the ofticiala of Hongkong Observatory. 
The storm is said to have been of very limited area-about 
one-eighth the diameter of the average typhoon-and to have 
moved so rapidly from a point of origin probably near Hong- 
kong that  early warning was inipracticable. Doctor Doberck, 
director of the observatory, testified that it was inore like a 
tornado than a typhoon ’’ and that i t  “ bridges the gap here- 
tofore esisting between typhoons and tornadoes.” The earlier 
warnings issued by Zikawei Observatory are said to have re- 
ferred to  a different depression, which passed northwest over 
Formosa. However, in a paiuphlet recently issued from the 
Manila Observatory,’ Father A l p 6  maintains that the For- 
mosa and Hongkong storms mere identical, and publishes a 
chart showing the successive positions of the depression for a 
period of ten days. 

It is reported in Symons’s Meteorological Magazine for 31ay 
that Doctor Doberck is about to retire from the directorship 
of Hongkong Observatory, which he has occupied since 1883. 

At a meeting of the Royal Meteorological Society on April 
17 a paper was read by Mr. R. L. Holmes on “The phenome- 
nal rainfall in Suva, Fiji, August 8, 1906 ”. About 41 inches 
of rain is said to have fallen in thirteen hours. This amount 
is partly estimated, owing to the fact that the gage overflowed 
several times. (The most remarkable case of excessive rain- 
fall of several hours’ duration inentioneel in the 2cl edition of 
Hann’s Lehrbuch is a fall of 41.44 inches, in one day, a t  C‘her- 
rapunji, India.) 

Mr. C. F. von Herrmann, until recently in charge of the 
AI@, Josh. The Hongliong typhoon, September 18, 1906. Advance 

sheets of the monthly bulletin of the weather bureau for September, 
1906. Manila: Bureau of printing. 1906. 

Weather Bureau station a t  Baltimore and of the Maryland and 
Delaware Section of the Climatological Service, has contri- 
buted two memoirs on the local climatology of Maryland, viz, 
(1 The climate of Calvert County ” and ‘‘ The climate of St. 
Mary’s County ”, to special publications of the Maryland Geo- 
logical Survey devoted to the physical features of the counties 
in question. These climatological papers have also been issued 
separately (Baltimore : Johns Hopkins press. March, 1907). 
They continue the series begun by Dr. 0. L. Fassig with 
I‘ The climate of Allegany County ’’ (Baltimore, 1900), to 
which the same writer added I1 The climate of C’ecil County ” 
(Baltimore, 1902) and “The climate of Garrett County” (Bal- 
timore, 1902). I n  1904 the Margland Weather Service began 
pnblishing Doctor Fassig’s ‘& Report on the climate and weather 
of Baltimore and vicinity ”, two installments of which have 
been issued to date. This work. when completed. will proba- 
1JlY be the most exhaustive treatise ever published in this 
country upon the climate of a single station ancl its neighbor- 
hood. The climate of the State, as a whole, was discussed by 
F. IT. T17alz in “Outline of present knowleclge of the meteor- 
ology and climatology of Maryland ”, published in Maryland 
Weather Service, [special p~iblicntion] T’ol. I, p. 417-551, (Bal- 
timore, 1899). This work includes a1)undant statistics con- 
cerning normal and extreme values of the meteorological ele- 
ments, together with isothermal ancl isohyetal charts; but for 
collected data, i. e., data for the individual years of record, one 
miid consult the series of county reports nom in course of 
publication, and the special report on the climate and weather 
of Baltimore. 

The Weather Bureau Library has recently received annual 
r&sum& of meteorological observations macle a t  the Observa- 
torio Cagigal, Caracas, Venezuela, under the direction of Dr. 
Luis Ugueto, during the years 1903-190ti; also a summary of 
the rainfall a t  the same observatory during the years 1801-1902. 
These are the first meteorological data that have come to UE 

froin Venezuela for many years. The principal climatic sta- 
tistics heretofore available for Caracas are summarized in 
Zeitschrift cler Osterreicliischen Gesellschaft fiir Meteorologie, 
Bd. 7 (1872), 1). 379-360. Comparing the results obtained at  
the Observatorio Cagigal with the earlier observations, we 
find certain systematic disagreements, especially in the mean 
temperature data, which are generally 2” to 3 O  U. lower in the 
former. It remains to be seen whether the older or the newer 
observations are a t  fault, or whether their discordance is to be 
accounted for by a tlecitlecl difference in altitude. According 
to Doctor Ugueto’s olwervations, the mean annual rainfall for 
the twelve years lH91-1902 was 807.9 mm. (31.81 inches). 

11r. TV. F. Tyler, of the Chinese Iiuperial Maritime Custoius, 
is still pursuing his investigation of the relation of meteoro- 
logical conditions, especially temperature anel humidity, to 
the sensation of discomfort. His first publication on this 
subject, “A  scheme for the comparison of climates ”, was re- 
viewed in the MONTHLY WEATHER REVIEW of May, 1904, p. 217. 
Now we have received a more extensive paper on the subject,‘ 
in which the psychological aspects of the question are more 
fully dealt with. The author’s “ hyther ” scale ranges from 0 
to 10, 0 representing a perfectly comfortable summer clay at 
Shanghai-warm, but bright, brisk, ancl bracing-while 10 
represents the very worst day ever experienced by the inhabi- 
tants of that city-hot, damp, ancl enervating. So far, dis- 
comfort due to cole1 has not been investigated. 

A letter from Professor Scherer, director of the meteoro- 
Tyler, W. F. The psycho-physical aqiects o f  vlimatr, with a theory 

concerning intensities of sensation. London: ,John Bale, Sons k Daniels- 
si bn. (Reprinted from the doumal r)f Tropical 3Iedilaine ani1 Hygiene, 
April 15, 1907.) 


